Intraperitoneal free gas seen radiologically as air under the diaphragm nearly always indicates a perforated abdominal viscus that requires surgical intervention. Rarely, however, the presence of a pneumoperitoneum may not indicate an intra-abdominal perforation and thus may not require laparotomy. Such a situation is termed spontaneous or nonsurgical pneumoperitoneum. In this review, we explore the aetiological mechanisms and the pathophysiology of the appearance of intra-abdominal free gas. An appreciation of the condition and its likely aetiological factors should improve awareness and possibly reduce the imperative to perform an emergency laparotomy on an otherwise well patient with an unexplained pneumoperitoneum.
The term pneumoperitoneum is used to describe the presence of free gas within the peritoneal cavity but outside the viscera. In the majority of cases (>90%) it is the result of perforation of an intra-abdominal viscus. Generally, prompt surgical intervention is required in these patients to reduce the degree and magnitude of enteric contamination within the peritoneal cavity. Consequently, the presence of intraperitoneal free gas usually mandates surgical referral and often results in an emergency laparotomy. There is, however, a subgroup of patients with pneumoperitoneum in whom there are no positive findings. These patients are classified as having 'spontaneous',"2 'misleading',3 or 'nonsurgical'4'5 pneumoperitoneum. In this review we explore various aetiological mechanisms of the appearance of free intraperitoneal gas which do not usually require laparotomy.
Radiological diagnosis
The value of a chest X-ray in the visualisation of intraperitoneal free gas was first suggested by Popper in 1915 who detected subphrenic collections of gas in the diagnosis of perforated peptic ulcer (figure 1). 6 Vaughan and Brams demonstrated the presence of subphrenic free gas in 26 of 29 proven cases of acute perforation of peptic ulcers7 and subsequent series confirmed an 87-100% accuracy for the detection of free gas on an erect chest X-ray.8 An alternative radiological sign suggesting intraperitoneal free gas was described by Rigler in 1941 , as the ability to visualise the outer as well as the inner wall of the bowel on plain X-ray in the supine position (figure 2).9
Intrathoracic causes
The association of a pneumothorax or pneumomediastinum and the presence of a pneumoperitoneum have been recognised for many years. Eisen described the case of a four-year-old boy with a foreign body in the oesophagus.10
Attempts at removal was complicated by a period of increased ventilatory pressure following which the child developed surgical and mediastinal emphysema and a pneumoperitoneum. The child was managed conservatively and recovered without further sequelae. Macklin performed basic scientific studies by the transbronchial placement of a catheter into the lungs of a cat and insufflated with blasts of air at pressures of between 25 and 130 cmH2O.l1 If the pressure was high and prolonged, then in addition to subcutaneous emphysema, there was also pneumomediastinum and air around the aorta and in both pleural cavities. Surprisingly, air could also be found in the peritoneal cavity and the retroperitoneum, particularly around the loose perirenal fascia. Post-mortem and microscopic examination suggested that air had entered through tiny openings in the alveoli into the interstitial tissues and thence along the perivascular sheaths of the lung and into the mediastinum. If pressure is continued, air dissects its way downwards along the oesophagus and aorta into the retroperitoneal tissues. Ultimately, rupture of the peritoneum leads to the escape of free gas and the production of a pneumoperitoneum. Subsequent work by the Macklins further consolidated their contention that the passage of air from the chest to the peritoneal cavity was via the perivascular sheaths.'2 Comparison of clinical observations with Macklin's experimental findings led Eisen to conclude 'the distribution of the gas in the experimental animals, as compared to that in our patient, offers such a striking parallelism as to leave little doubt that the pathways followed must have been the same'.'°S pontaneous pneumothorax is a relatively common condition accounting for up to 0.2% of all hospital admissions although very few of these are ever associated with a pneumoperitoneum.13 This is primarily because intra- The 'air leak' phenomenon is a well recognised consequence of PEEP therapy in which there is rupture of an alveolar air cell into the perivascular and peribronchial interstitial tissues. 25 The occurrence of such alveolar rupture is not directly related to the magnitude of ventilatory pressure26 but appears to be related to the condition of the lung so that unequal ventilation of one lung or segment of lung in the presence of patchy or diffuse disease seems to predispose to the air leak phenomenon.27 Loss of pulmonary compliance and decreased elastic recoil of the lung parenchyma also predisposes to this phenomenon. Gas may then dissect into the mediastinum and subsequently into the peritoneal cavity. In a survey of 92 patients receiving PEEP therapy, Altman and Johnson found evidence of pneumoperitoneum in four (4.3%) cases, none of whom needed operative management.25 INTRATHORACIC SEPSIS There are several isolated case reports of spontaneous pneumoperitoneum associated with pulmonary sepsis. Britt et al described the incidental discovery of pneumoperitoneum on pre-operative chest X-ray in a 53-year-old woman with pulmonary tuberculosis who was to undergo elective pulmonary resection. 28 In the absence of abnormal abdominal signs and normal contrast radiology, she was managed conservatively. Four days after the pneumoperitoneum was noted the patient exhibited symptoms and signs of a respiratory tract infection. Conservative management for the pneumoperitoneum was continued, without subsequent sequelae. Sidel and Wolbarsht report a similar case in which a 62-year-old man was admitted with symptoms and signs suggesting a left-sided pneumonic process and was found to have pneumoperitoneum on chest X-ray as well as signs of a pneumonic process. 29 Pneumococcal pneumonia was subsequently confirmed. Conservative management of the pneumoperitoneum was successful. A further case is documented by Greenberg and Kahn, in which the aetiological factor was found to be 33 It is suggested that in the latter position, as the abdominal viscera falls towards the head, a negative pressure exists in the pelvis and therefore creates suction. Whether or not the anatomy of the lower genital tract in the postpartum period allows the passage of air more readily remains speculative. In certain instances, air entry by this route may then pass into the blood stream through a break in the continuity of a vein or artery, causing death from air emboli.34 The appearance of pneumoperitoneum following pelvic examination in the postpartum period has also been documented. 35 The risk of pneumoperitoneum is not confined to the postpartum period, however, as Wright reports the case of a 25-year-old woman who developed pain and a pneumoperitoneum after bending over to tie her laces. The diagnosis of pneumoperitoneum resulting from tubal insufflation was made at laparotomy and subsequently she was managed by wearing a cervical diaphragm.36 Pneumoperitoneum may result from oral-genital insufflation. Freeman reports a 23-year-old woman who presented with abdominal pain and pneumoperitoneum on chest X-ray. There were no signs of peritonitis, she was apyrexial and had a normal white cell count. Laparotomy was therefore deferred. Further questioning revealed that her husband had been blowing air into her vagina at the time the pain began. Following nonoperative management she recovered completely.37 Daly reports a similar case in which the patient settled on conservative management.38 Unfortunately, in the report by Gantt et al, the history of oral -genital insufflation was only obtained after a negative laparotomy had been performed,4 while the patient presented by Varon underwent two negative laparotomies before the history of oral -genital insufflation was elicited.39 These cases are indeed fortunate as oral -genital insufflation has more commonly been reported to result in fatal air embolism. 34 Tabrisky et al report the case of a 40-year-old woman, who had previously had a vaginal hysterectomy, presenting with abdominal pain and a pneumoperitoneum. In the absence of other compelling physical signs she was managed conservatively and without further sequelae.40 After her second admission three weeks later, the temporal association of the onset of pain at the time of coitus was recognised. A similar case of pneumoperitoneum occurring after coitus and cunnilingus in a patient who had had a vaginal hysterectomy 13 months previously is presented by Spaulding and Gallup.4' In this case a fistulous track from the left fornix to the peritoneal cavity was corrected surgically, following which she remained asymptomatic. This case and that reported by Wright36 Perforation of the gastrointestinal tract is a well-recognised complication of endoscopic examination. This may become apparent during the examination as the viscus being examined may suddenly become deflated.46 Schiff reported the case of a 77-year-old man undergoing gastroscopy. The examination was unremarkable other than for the finding of atrophic gastritis and so the patient commenced fluids and diet two hours after the procedure.47 Four days later he attended for a barium meal and was found to have pneumoperitoneum on preliminary radiographic screening. In the absence of any physical signs he was managed conservatively and had a successful outcome. In this case it is not possible to refute that there may in fact have been a genuine gastric perforation with early resealing. However, in the case presented by Schindler, a 40-year-old man developed signs of a pneumoperitoneum very rapidly after gastroscopy and therefore had a laparotomy three hours later. At laparotomy no source of gastrointestinal perforation or rupture was found despite there being air in the peritoneal cavity.46 Similar cases in which no perforation was found at laparotomy have also been reported.48 Although pneumoperitoneum following gastroscopy is extremely rare,42 it may be successfully managed by a conservative approach if there are no signs of peritonitis.48 All the reported gastroscopic cases without obvious perforation occurred with the semi-rigid gastroscope. Perforation of the bowel following colonoscopy is a recognised complication, occurring in 0.1-0.8% of all examinations.50'5' It is more common following therapeutic than diagnostic endoscopy. Nearly all cases have positive physical signs as well as radiological pneumoperitoneum. Optimum management is controversial, though a conservative approach has been successful where the complication followed polypectomy, when the defect is often small.
Pneumoperitoneum after percutaneous endoscopic gastrostomy occurs in 30-40% of patients (figure 2)5 It usually settles within a week after surgery but may persist for several months. 54 In such circumstances, pneumoperitoneum is usually benign although negative laparotomy has been reported in this situation when the pneumoperitoneum had persisted for five weeks.55 It is therefore important to recognise that the pneumoperitoneum may be present for several weeks and in the absence of other physical signs, a continued conservative approach is warranted. Pneumoperitoneum has also been
IATROGENIC CAUSES
The commonest iatrogenic cause of pneumoperitoneum is following abdominal surgical procedures. Although it cannot be said to be spontaneous or nonsurgical, it is discussed briefly as its oversight may lead to an unnecessary operation. The duration of the postoperative pneumoperitoneum represents a window of risk during which period the presence or absence of further intraabdominal pathology may be difficult to ascertain. Early reports suggested resolution of free air by seven days postoperatively.57 Harrison et al demonstrated that, in the great majority of cases, postoperative pneumoperitoneum is absorbed within two weeks and concluded: 'The possibility of pneumoperitoneum being due to trapped air should not be used as a reas6n for delaying exploration when the clinical signs indicate it'. 58 The case described by Hill et al illustrates the converse situation, in which pathology is thought to exist, resulting in prompt surgical intervention where this may not be necessary.59 They report the case of a 54-year-old man who, having undergone elective vagotomy and gastroenterostomy, presented 11 days later (four days after discharge) with abdominal pain and signs of generalised peritonitis. Chest X-ray revealed a marked pneumoperitoneum and although serum amylase was significantly elevated, laparotomy was performed at which the diagnosis of acute pancreatitis was confirmed. In the same paper, Hill et al found that of 70 consecutive patients undergoing laparotomy, 25% who were clinically well still had radiological signs of pneumoperitoneum after eight days. 59 Pneumoperitoneum following inguinal herniorrhaphy was documented in one of 32 reported by Harrison et al. 58 It was probably this observation that prompted conservative management by Halsall and Benson on an 84-year-old man who had had an irreducible inguinal hernia repaired four days previously, when he developed upper abdominal discomfort and was found to have a small pneumoperitoneum on chest X-ray. However, his condition deteriorated and laparotomy confirmed a perforated duodenal ulcer.60 O'Brien described the bizarre case of pneumoperitoneum occurring as a result of vesical rupture following urethral catheterisation.61
Patients receiving peritoneal dialysis may present a further diagnostic challenge as pneumoperitoneum appears to be relatively common (20-35% of patients studied) following dialysis.62
Paecliatric
In children and neonates, pneumoperitoneum is nearly always the result of a perforated intra-abdominal viscus.63 However, spontaneous pneumoperitoneum is increasingly being recognised in paediatric practice. Porter described spontaneous pneumoperitoneum in a newborn without evidence of gastrointestinal perforation. 4 Although it was felt that air may have entered from the mediastinum, this was not substantiated. In the case described by Leninger, spontaneous pneumoperitoneum in a newborn was probably the result of a tension pneumothorax as chest drainage resulted in complete resolution of the pneumoperitoneum.65 More recently, the association of pneumoperitoneum in the presence of respiratory disease has been highlighted.66 Over a two-year period, Leonidas et al identified nine cases of pneumoperitoneum in 222 67 o newborn infants treated with ventilatory assistance. Four of these were found to be due to perforation of the gastrointestinal tract, but in four cases no gastrointestinal perforation was apparent and in two of these laparotomy was negative. Clinical signs were found to be extremely difficult to evaluate in the neonate, particularly in the presence of respiratory disease. For this reason Leonidas suggests 'a full radiological investigation, including abdominal X-ray films, with the patient upright and opacification of the gastrointestinal tract with water-soluble contrast material, should be carried out in every newborn with pneumoperitoneum and respiratory disease, especially when ventilatory assistance has been applied'. 80 T~as pneumoperitoneum. In the absence of any relevant predisposing factors in the history and no significant clinical signs, she was managed conservatively and recovered completely.
Conclusion
Spontaneous or nonsurgical pneumoperitoneum is uncommon but it is important to identify patients with this condition from among the larger group with intraperitoneal free gas, most of whom have peritonitis and require a laparotomy. As for any rare condition, it is helpful to identify circumstances in which the index of suspicion should be raised; potential iatrogenic cases, eg, recent laparotomy, PEG insertion, and gastrointestinal endoscopy, as well as other predisposing circumstances, such as patients on mechanical ventilation and, in women, gynaecological causes, should be sought. In addition, further radiographic clues may be present, eg, a chest X-ray may demonstrate a pneumothorax and/or pneumomediastinum, or there may be evidence of pneumatosis on the abdominal film. A large amount of intraperitoneal gas is characteristic of idiopathic pneumoperitoneum. In contrast, the presence of intraperitoneal fluid levels on an erect film is usually indicative of pathology.
The fundamental judgement is thus, when there are no abdominal physical signs indicative of peritonitis and the patient is afebrile, with a normal white cell count, then conservative management is indicated. Early involvement of surgical colleagues may aid diagnosis and be helpful in the further management of these patients. Peritoneal aspiration or lavage may provide further reassurance. It is hoped that a greater awareness of the condition and the facilitative diagnostic strategies available may help to reduce the negative laparotomy rate in such patients.
